In this paper, the diameter, radius, girth, maximum and minimum degrees, domination number, chromatic number, clique number, degree sequence, irregularity index of Γ (Z p 2 × Z q 2 ) have been established, where p and q are prime.
Introduction
Beck established the notion of the zero divisor graph Γ (R) of a commutative ring R, in [5] . Then, zero-divisor graphs over commutative and non-commutative rings have been examined widely in terms of spectral and non-spectral graph properties. Let R be a commutative ring with identity, and let Z(R) be the set of its zero-divisors. In this case the zerodivisor graph Γ (R) is actually an (undirected) graph with vertices x, y ∈ Z(R) * = Z(R)\ {0} such that x and y are adjacent if and only if xy = 0. It is clear to see that Γ (R) is the empty graph if and only if R is an integral domain. After that, by [2] , a nonempty Γ (R) is finite if and only if R is finite and not a field. Additively, in [2] , Anderson et al. proved that if R is commutative then Γ (R) is always connected. Afterwards, Anderson and Badawi [3] examined Γ (R) for rings R with nonzero zero-divisors which satisfy certain divisibility provisions between elements of R or comparability provisions between ideals or prime ideals of R. Lately, Sharma et al. [10] have been examined the adjacency matrix of a zero-divisor graph on finite commutative rings. In fact, they have been tried to find a detailed description for the adjacency matrix of zero-divisor graphs obtained from the ring Z p × Z p , where p is a prime. The zero-divisor graph of a commutative ring has been examined comprehensively by several authors, e.g. [11, 1, 6, 7, 9] . In [8] , Akgunes et al. presented energy, domination number, diameter, Randić index, girth, maximum degree, Estrada index and Randić energy for zero-divisor graphs obtained from the ring Z p × Z q , where p and q are distinct primes. In this paper, degree sequence, irregularity index, cromatic number, diameter, girth, radius, maximum and minimum degrees, domination number, clique number, we will mainly prove some results over the zero-divisor graphs Γ (Z p 2 × Z q 2 ) for distinct primes p and q.
can be obtained by checking the distance or the total number of the vertices . So, the methods in the proofs of the results in this section will be followed by this idea. Definition 1. When p and q are prime, the adjacent of the graph Γ (Z p 2 × Z q 2 ) of the ring Z p 2 × Z q 2 are as follows.
By definition, it is clear that proof of the following theorem.
Theorem 1.
The distance between any two vertices of the Γ (Z p 2 × Z q 2 ) are as follows
We first recall that, for any simple graph Γ , the diameter(length of the shortest path) between two vertices u 1 ,u 2 of Γ is defined by
and u 2 are vertices of G}
We thus obtain the following result.
Theorem 2. For any ring
The eccentricity is the maximum distance between u 1 and any other vertex u 2 of Γ . The eccentricity of a vertex u 1 in a connected graph Γ , denoted by ε(u 1 ), is the maximum distance between u 1 and any other vertex u 2 of Γ . All vertices are defined to have infinite eccentricity when Γ is a disconnected graph. It is well known that the diameter is the maximum distance between any two vertices of Γ . It is quite clear that diam(Γ ) is equal to the maximum eccentricity among all vertices of Γ . On the other hand, the minimum eccentricity is called the radius of Γ and denoted by
Due to [11] , for a connected graph Γ , the inequality
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Theorem 3. The radius of the
Proof. Now let's examine the eccentricity of all the vertices. ε(kp, 0) = 2 where 0 < k < p. ε(i, 0) = 2 where i = kp, 0 < i < p 2 . ε(0, j) = 2 where j = tq, 0 < j < q 2 . ε(0,tq) = 2 where 0 < t < q. ε(kp, j) = 2 where 0 < k < p, j = tq, 0 < j < q 2 . ε(i,tq) = 2 where 0 < t < q, i = kp, 0 < i < p 2 . ε(kp,tq) = 2 where 0 < k < p, 0 < t < q. Minimum eccentricity is 2.
Since radius is the minimum eccentricity,
Recall that the girth of a simple graph Γ is the length of the shortest cycle contained in Γ , denoted by girth(Γ ). However, if Γ does not contain any cycle, then the girth of it is assumed to be infinity.
Theorem 4. For any ring
Proof. By the definition of
, which implies the result, as desired.
The degree of a vertex u 1 of Γ is the number of vertices adjacent to u 1 , denoted by deg Γ (u 1 ).
Theorem 5.
The degree of the vertex of Γ (Z p 2 × Z q 2 ) are as follows.
Proof. (i) For i = kp and 0 < i < p 2 , we view (i, 0) vertex. (i, 0) vertex adjacent only (0, j). The number of (0, j) vertex is q 2 − 1, where 0
The number of these vertices is (q 2 − 1) + (q 2 − 1).(p − 1) + (p − 2), which equals pq 2 − 2.
(iii) For j = tq, 0 < j < q 2 and 0 < t < q. we view (0, j) vertex. Among all degrees, the minimum degree δ (Γ ) and the maximum degree ∆ (Γ ) of Γ is the number of the smallest and the largest degrees in Γ . By considering maximum or minimum degrees. We obtain the following result.
Theorem 6. For p ≤ q, the maximum and the minimum degrees of
Proof. Let p ≤ q. We consider all vertex of Γ (Z p 2 × Z q 2 ). By the theorem 5, let us consider the vertex (kp, j) of Γ (Z p 2 × Z q 2 ) for any 0 < j < q 2 , j = tq. The vertices adjacent only (kp, 0) for 0 < k < p. The number of (kp, 0) vertex is p − 1. Thus we have δ (Γ (Z p 2 × Z q 2 )) = p − 1. By the theorem 5, let us consider the vertex (kp, 0) of , j) , we have to find the number of (k 2 p, j) for 0 ≤ j < q 2 and 0
The degree sequence, denote by DS(Γ ), is a sequence of degrees of vertices of a graph Γ . In [12] , a new parameter for graphs, namely the irregularity index of Γ , has been recently defined and denoted by MW B(Γ ). In fact MW B(Γ ) is the number of distinct terms in the set DS(Γ ). At this point, we should note that although this new index is denoted by t(Γ ) in the paper [12] . Thus, we obtain the following result Theorem 7. Let p < q be a ring Z p 2 × Z q 2 . Then the degree sequence and irrequality index of
. By the theorem 5, the degree of vertices are
Hence, by definition of degree sequence,
we clearly obtain the set DS(Γ (Z p 2 × Z q 2 )) as depicted in the theorem.
For any graph Γ , a subset D of the vertex set V (Γ ) of a graph Γ is called a dominating set if every vertex V (Γ ) \ D is joined to at least one vertex of D by an edge. Additionally, the domination number, denoted by γ(Γ ), is the number of vertices in the smallest dominating set for Γ (see [4] ). Our next result is about this parameter.
Proof. If we take any (kp, 0) and (0,tq) vertex, these vertices dominate all the vertices, where 0 < k < p, 0 < t < q and (kp, 0) ∼ (0,tq). Therefore we can get D = {(kp, 0), (0,tq)} dominating set as D ⊆ V (G). Thus we can see that
The coloring of Γ is to be an assignment of colors (elements of some set) to the vertices of Γ , one color to each vertex, so that adjacent vertices are assigned distinct colors. If n colors are used, then the coloring is referred to as n − coloring. If there exists an n-coloring of Γ , then Γ is called n − colorable. The minimum number n for which Γ is n-colorable is called the chromatic number of Γ and is denoted by χ(Γ ). Moreover, there exists another graph parameter, namely the clique of a graph Γ . In fact, depending on the vertices, each of the maximal complete subgraphs of Γ is called a clique. Additionally, the largest number of vertices in any clique of Γ is called the clique number and denoted by ω(Γ ). Generally, it is well known that χ(Γ ) ≥ ω(Γ ) for any graph Γ (see, for instance [4] ). Thus we have the following two theorems.
Proof. To find the chromatic number, consider the adjacent of Γ (Z p 2 × Z q 2 ) graph. Proof. Now, let us consider the complete subgraph A ⊆ Γ (Z p 2 × Z q 2 ). For all distinct vertices (i 1 , j 1 ), (i 2 , j 2 ) ∈ V (A), we have (i 1 , j 1 ).(i 2 , j 2 ) = (0, 0) i.e. , (i 1 , j 1 ).(i 2 , j 2 ) ∈ E(Γ (Z p 2 × Z q 2 )) for all i 1 , i 2 , j 1 , j 2 .
